ABSTRACT
. Cloning of CD40 has revealed it to be a member of the nerve growth factor receptor (NGFR)/tumor necrosis factor receptor (TNFR) family of proteins (5, 6) . Stimulation of B cells through CD40 induces B7 costimulator expression (7) , interleukin 6 (IL-6) synthesis (8) , proliferation (1, 9) , and isotype switching/IgE production (10, 11) . Crosslinking of CD40 on monocytes induces tumoricidal activity, and in the presence of granulocyte-macrophage colony-stimulating factor (GM-CSF), or interferon y (IFN-y), engagement of CD40 augments tumor necrosis factor (TNF) and IL-6 production (4) . In thymic epithelial cells, CD40 signaling results in GM-CSF production (3) . In mice that have lost CD40 through homologous recombination, immunoglobulin class switching for T-dependent antigens is defective, although responses to T-independent antigens are normal (12) . Such CD40 "knockout" mice do not form germinal centers in their lymphoid organs, further implicating CD40 in B-cell development and maturation. A ligand for CD40 has been cloned and identified as a CD4+ T-cell activation antigen (11, 13, 14) . CD40 ligand is a type II membrane protein with homology to TNF, and the functional form is presumed to be a homotrimer (15) . Mutation of this molecule is the defect responsible for X-linked hyper-IgM syndrome in humans (16) (17) (18) (19) (20) . Defects similar to those in CD40 knockout mice have been noted in mice that have lost CD40 ligand through homologous recombination (12, 21 (22) (23) (24) (25) (26) (27) . EC also constitutively and inducibly express adhesion molecules that serve to recruit circulating leukocytes to local sites of antigenic challenge (28) . In (11, 15) . All (4 ,tm) were cut and stained as described (33) (Fig. 1) . IFN-13 and IL-la also increased CD40 expression, although somewhat less effectively than TNF or IFN-y. IL-4 was not effective and in some cases appeared to decrease constitutive levels of CD40. IL-6 and GM-CSF had no effect on CD40 expression (data not shown). We next examined the concentration dependence of CD40 induction by TNF and IFN-y and compared this to induction of VCAM-1 in the same cultures. As shown in Fig. 2 , induction of both VCAM-1 and CD40 increased over the same range of cytokine concentrations. As expected, TNF was consistently more effective at inducing VCAM-1 expression than was IFN-y. The half-maximal dose of TNF for induction of CD40 and VCAM-1 expression was 1.3 and 1.2 units/ml, respectively, while the half-maximal dose of IFN-y was 17 units/ml for CD40 expression and 20 units/ml for VCAM-1 expression.
During inflammatory reactions, cells are usually exposed to multiple cytokines. We therefore examined the effect of combinations of cytokines on CD40 upregulation (Table 1) fact, when added with IFN-y or especially with IFN-1, IL-4 reduced the level of induction by these cytokines by 39% and 80%, respectively.
A time course of CD40 induction on ECs is shown in Fig. 3 . In this experiment, basal CD40 expression was elevated by a combination of TNF and IFN-y as early as 8 h after cytokine exposure and continued to increase through the course of the experiment (72 h). VCAM-1 was induced more rapidly than was CD40, being detectable by 4 h, peaking at 24 h, and declining thereafter. CD40 Function on Cultured Human EC. We next addressed the question of whether CD40 expressed on ECs is functional as a receptor by utilizing a trimeric form of the murine CD40 ligand (CD40LT). We incubated ECs with various concentrations of this molecule (0.1-10 ,/g/ml) and then examined the cells by indirect immunofluorescence flow cytometry for expression of EC activation markers. As shown in Fig. 4 , stimulation through CD40 by CD40LT induced VCAM-1 (CD106) and E-selectin (CD62E) expression, while LFA-3 (CD58) expression was unaffected. ICAM-1 (CD54) expression was Signaling through CD40 appears to have distinct effects on different cell types. In B cells, the effects on proliferation, isotype switching, and germinal center formation are well known (1, 9, 10, 34, 35) . In monocytes, tumoricidal activity is induced and cytokine production is stimulated (4 (37, 38) . It will be interesting to learn if altered EC responses in these patients contribute to this lesion.
